A field experiment was conducted during spring and autumn growing seasons of 2009 to study the effect of foliar application of zinc and boron on growth characters, yield components and quality of some sunflower genotypes (Helianthus annuus L.). The experiment was carried out according to the factorial experiment in a randomized completely block design, consisting of three zinc application (0, 6, 12 mg.L -1 ) and three boron application (0, 4 and 8 mg.L -1 ) with three sunflower genotypes (Myogen, Isaanka and Ginmus). The main findings could be summarized as follows:-Foliar application of zinc to the leaves with concentration 12 mg.L -1 showed a significant increase in plant height, stem diameter, leaf area, head diameter, number of seeds head -1 , 1000 seed weight and seed yield.ha -1 , oil percentage, oil, protein yield (ton. ha -1 ), However, protein percent was decreased. Addition of boron sprayed on the plant leaves with concentration 4 mg.L -1 lead to a significant increase in plant height, stem diameter, leaf area, head diameter, number of seeds head -1 , 1000 seed weight and seed yield.ha -1 , oil percentage, oil, protein yield (ton.ha -1 ), while increasing concentration of boron to 8 mg.L -1 caused a significant increase in protein percentage in the two seasons'.
INTRODUCTION
Sunflower (Helianthus annuus L.) enjoys in having an important position in the world among the new oilseed crops, because of its quantity and high quality of edible oil. Among the factors responsible for increasing yield, judicious use of micronutrients is of prime importance. Crops require a sufficient, but not excessive, supply of essential mineral elements for optimal productivity. Insufficient supply of mineral elements may lead to limit in plant growth. In some agricultural soils, particularly in clay soil, insufficient micronutrients like zinc (Zn) and boron (B) are often common ‫الــرافـديــن‬ ‫زراعـــة‬ ‫مـجـلـــة‬ ( ‫المجلد‬ 54 ( ‫العدد‬ ) 1 ) 7112 (Gitte et al, 2005) . Hence, these elements can be supplied as fertilizers in both intensive and extensive agricultural systems. However, excess Zn and B may be toxic to plants. Increased fertilizer used efficiency can be achieved agronomically, through improved fertilizer management practices (Milutinoc and Stanojevic ,1988; 1983; Asad et al, 2002) . Sunflower is one of the most sensitive crops to low zinc and boron supply, developing the characteristic of Zn, B deficiency symptoms on leaves, stems and reproductive parts (Oyinlola, 2007) .
Plants growth is significantly influenced by soil Zn, B content. It has been shown that sunflower roots are sensitive to Zn, B deficiency as they stop their growth in less than 6 h after the removal of Zn, B from the growth media (Beyersmann and Haase, 2002) . Similarly, a considerable increase in dry weight of sunflower by foliar application of 28 mg boron.L -1 has been reported (Iskander, 1993) . Boron foliar application, not only increased root growth but also increased shoot dry weight of sunflower (Asad et al, 2002) . Foliar applications of above mentioned mineral partially overcomes the negative effects of stress and provide plants balanced nutrients. Spray of ZnSo 4 and H 3 Bo 3 was better in all the vegetative growth characteristics Tahsin and Yankov, (2007) also observed a significant effect of micronutrients in growth including yield in sunflower plants by foliar application of zinc, boron and iron. Such enhancement effect of foliar application might be attributed to the favorable influence of these nutrients on metabolism and biological activity and its stimulating effect on photosynthetic pigments and enzymes activity which in turn encourage vegetative growth of plants (Milutinoc and Stanojevic, 1988) . Foliar mineral spray significantly affects biomass production of plants irrespective to their growth under different soil conditions. The foliar application of above mentioned minerals appear to minimize these toxic affects through mitigating the nutrient demands of stressed plants. These minerals increased photosynthetic and enzymatic activities and an effective translocation of assimilate to reproductive parts resulting in higher yield (Lindsay, 1996) . Spray of boron as an individual mineral element was found to be better in stimulating the pollen viability and germination as compared to zinc. High boron levels in the stigma and style are required for physiological inactivation of callus which is an important polysaccharide component of the pollen tube wall by the formation of borate callus complexes (Sharma et al, 1999) . When boron levels are low, callus levels increase and induce the synthesis of phytoalexins including phenols which can cause an injury to membrane structure and cellular functions and bring some alteration in the morphology and structure of pollen tubes (Rani and Reddy, 1993) . The aim of this research is to determine the effect of zinc and boron foliar application as well as their interactions on seed yield and its components of three sunflower genotypes under the environmental conditions of AL-Quba district, which locate near Mosul city of Iraq.
MATERIALS AND METHODS
The experiment was conducted during spring and autumn growing seasons of 2009 at AL-Quba in the west north region of Mosul city at Nineveh province, on a sandy loam soil having 33.65 ppm available nitrogen, 10.31ppm available phosphorus and 153 ppm available potassium as an average of both seasons (table 1) .
‫الــرافـديــن‬ ‫زراعـــة‬ ‫مـجـلـــة‬
( ‫المجلد‬ 54 ( ‫العدد‬ ) 1 ) 7112 The experiment was laid out according to the factorial experiment in a Randomized Completely Block Design with three replications having a net plot area of 21.6 m 2 (3.6m x 6.0m). Three levels of foliar application [0-0, 6-4 and 12-8 mg.L -1 of zinc as zinc sulphate (ZnSo 4 .7H 2 o 35% Zn) and boron as boric acid (H 3 Bo 3 17%B) respectively sprayed on the leaves one dose during budding stage], and three genotypes of sunflower (Myogen, Isaanka and Ginmus). The crop was sown by putting three seeds to hills by hand in 60 cm apart ridges, and six meters long and the distance between hills was 40 cm apart to attain a plant density of 41.666 plants.hectare -1 in April 1 st , July 6 th and harvested in August 7 th , October 26 th for spring and autumn growing seasons respectively. The plants were thinned to one plant per hill two weeks after sowing. Super phosphate 140 kg per hectare (45 % P 2 O 5 ), and potassium (48% K 2 O) were applied (40 kg/hectare) to the soil during the sowing period, Nitrogen fertilizers was applied in the form of urea 80 kg hectare (46%N) in two equal doses, half with sowing and the remaining half after thinning. The first irrigation was applied immediately after sowing and after wards irrigation was scheduled at about three day's intervals. All other agronomic practices were kept normal and uniform for all the treatments. Twenty plants from each plot were selected at random to record plant height (cm), stem diameter (cm), leaf area (cm 2 .plant), and head diameter (cm). At harvest, ten guarded plants were taken randomly from the two inner ridges of each experimental plot and left for two weeks until fully air dried, then the following data were measured; number of seeds/head, weight of thousand seed (g.), yield and oil, protein yield (ton.ha -1 ). The seed oil content was determined by the soxholet apparatus (Anonymous, 1980) , and seed nitrogen concentration was measured by microkjeldahl method, then, Protein percentage was calculated by multiplying the nitrogen percentage by the converting factor 6.25 (Agrawal et al, 1980) . Concentration of zinc in soil was measured by atomic absorption spectrophotometer with wave length 213.9 nm. (Anonymous, 1998). Boron in soil was determined by atomic absorption
foliar application from 0 to 4 mg.L -1 significantly increased plant height, stem diameter, leaf area, head diameter, number of seeds head -1 , 1000 seed weight in both seasons. In general, increasing boron foliar application from 0 to 4 mg.L -1 increased plant height by 4.0% and 3.84%, increased stem diameter by 2.42% and 3.24% and increased leaf area by 6.52% and 6.41% in spring and autumn. In addition, increasing boron foliar application from 0 to 4 mg.L -1 increased seed yield per hectare by 15.24% and 14.75%, increased oil yield per hectare by 23.89% and 12.48% and increased protein yield per hectare by 19.00% and 21.19% in the spring and autumn seasons respectively. Increasing boron foliar application from 4 to 8 mg.L -1 cased decreased in the previous traits for both seasons. Table 1 , also showed that the available boron in the soil is in the average of medium level which is ranged from 3.6, 3.2 ppm, and these results are in agreement with the classification of Maas (1990) , although sunflower required a high quantity of boron, this reflected the response of the crop to this element when increasing the concentration from 0 to 4 mg.L -1 . These results are in agreement with those reported by Rani and Reddy, (1993) ; Harris and John, (1996); Castro et al, (2000) ; Oyinlola, (2007) . The increases in seed yield per hectare with increasing boron application dose may be attributed to the increases in head diameter, number of seeds head -1 , 1000 seed weight reflected increases of seed yield per hectare. These results are in agreement with those reported by Moore and Hirsch, (1983) ; Sharma et al, (1996) ; Asad et al, (2002) . The increases in oil yield per hectare with increasing boron application dose to 4 mg.L -1 may be attributed to the increases in yield which reflected increases in seed yield per unit area and hence oil yield per hectare. These results are in agreement with those reported by Korenovska and Polacekova, (2000) .
3-Genotypes effect:
The results in table 4 indicate that sunflower genotypes significantly differed in growth characters, seed yield.ha -1 and its components in both seasons. Issanka genotype exceeded Myogen and Ginmus genotype in stem diameter, leaf area, head diameter, number of seeds. head -1 , 1000 seed weight and seed yield ha -1 oil percentage, protein yield (ton.ha -1 ) in both seasons. Issanka genotype also exceeded Myogen by 15.51% and 15.84% and Ginmus genotype by 19.86 % and 19.81% in seed yield per hectare in the spring and autumn seasons respectively. Myogen genotype exceeded Ginmus by 3.75% and 3.81% in yield per hectare in spring and autumn. The differences between sunflower genotypes in seed yield per hectare might be attributed to their differences in growth traits such as leaf area, head diameter that reflected differences in yield components such as number and weight of seeds head -1 as well as 1000 seed weight and hence increased seed yield per plant as well as per unit area. Similar results were obtained by many investigators such as Farah, et al, (1981) ; Baldini and Vear, (1994) ; Nel et al, (2000) ; Kalarani, et al, (2004) ; Luan, (2006) ; Mariayesa, et al, (2007) . The increases of Issanka genotype in oil yield per hectare compared with Myogen and Ginmus genotypes may be attributed to the genetically variation among the tested genotypes in yield components and consequently seed yield as well as oil percentage. Similar results were obtained by many investigators as Dedio, (1985) ; Baldini and Vannozzi, (1999) ; Zehra et al, (2007) .
4-Interaction effect of zinc and boron foliar application:
The interaction between zinc and boron foliar application had a significant effect on plant height, stem diameter, leaf area, head diameter, number of seeds head -1 , 1000 seed weight and seed yield.ha -1 , oil, Protein percentage, oil, Protein yield (ton.ha -1 ) as shown in table 5. The results indicated that addition of the highest zinc application (12mg.L -1 ) with medium dose of boron (4 mg.L -1 ) produced the highest plant height (154.5, 152.6 cm), stem diameter (1.9,1.8 cm), leaf area (3396.2, 3384.3 cm 2 ), head diameter (20.9, 20.8 cm), number of seeds head -1 (1003.4, 1002.7), 1000 seed weight (69.0, 68.9gm) and total seed yield (2.78, 2.76 ton.ha -1 ), oil yield (1.1, 1.2 ton.ha -1 ), Protein yield (0.14, 0.31 ton.ha -1 ) in both seasons. Similar conclusions were obtained by Nel et al, (2000) .
5-Interaction effect of zinc foliar application and genotypes:
The interaction between zinc foliar application levels and sunflower genotypes had a significant effect on growth characters, seed yield.ha -1 and its components in both seasons as shown in table 6. The results showed that addition of the highest zinc application level i.e. 12 mg.L -1 to leaves of Issanka genotype produced maximum stem diameter, head diameter, number of seeds head -1 , 1000 seed weight and seed yield ha -1 oil percentage, oil, Protein yield (ton.ha -1 ) in both seasons, which were 2.83 and 2.81 ton.ha -1 of seed yield per hectare and 1.26 and 1.27 ton per hectare of oil yield in the spring and autumn seasons respectively. The lowest seed and oil yields per a hectare were produced from sowing Ginmus genotype without adding the zinc (0 mg.L -1 ) in both seasons. Similar results were reported by Khurana and Chatterjee, (2001) ; Cui et al, (2004); Frey et al, (2006) ; Tahsin and Yankov, (2007) .
6-Interaction effect of boron foliar application and genotypes:
The interaction between boron foliar application and sunflower genotypes showed significant effects on plant height, stem diameter, leaf area, head diameter, number of seeds head -1 , 1000 seed weight and seed yield.ha -1 , oil, protein percentage, oil, protein yield (ton.ha -1 ) in both seasons except protein percentage and protein yield in the autumn season as illustrated in table 7. Data illustrated in table 7 show generally that Issanka, Myogen, and Ginmus genotypes appeared to be clearly affected by increasing rate of boron foliar application up to 4 mg.L -1 for plant height, stem diameter, leaf area and head diameter, while they appeared to be little response to 8 mg.L -1 for those traits. On the other hand, Issanka genotype reflected the greatest response to boron foliar application up to 4 mg.L -1 with this regard , Remussi et al, 1972 ; Hilton and Zubriski, 1985; Meszaros and Simits, 1992; Martin et al (2007) ; Chhotu et al (2008) ; Marie and Howarth (2009) found that fertilization with 15 mg.L -1 produced maximum 1000 seeds weight (53.71g) and seed yield (4153 kg ha -1 ). The insignificant effect between genotypes and boron foliar application on other characteristic showed that each of these two factors acted independently on these traits.
7-Interaction effect of zinc, boron foliar application and genotypes:
The interaction effect among the three studying factors showed significant effects on plant height, stem diameter, leaf area, head diameter, number of seeds head -1 , 1000 seed weight and seed yield.ha -1 , oil, protein percentage, oil, protein yield (ton.ha -1 ) in both seasons except protein percentage in the autumn season as illustrated in tables 8 and 9. The interaction between Issanka genotype with zinc and boron spray in concentration 4,12 mg.L -1 gave a high rate for number of seeds head -1 (1052.6, 1054.1), total seed yield (3.19,3.17 ton.ha -1 ), oil percentage (45.1, 45.9%), oil yield (1.44,1.45 ton.ha -1 ), protein yield (0.171, 0.347 ton.ha -1 ) in both growing seasons respectively. Similar results were reported by Blamey and Chapman ,(1982) ; Gimenez and Fereres, (1987 
